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CA'l'l'LE PRJDUCTION 
INHERITANCE 
Chromosome Number 
There is not complete agreement as to the chromosome number in cattle (1'4,) 
(166). The diploid number has been reported by various investigators as 16, 20 
to 25, 20 to 24; 33, 37, and 6o (68)(134)(136)(147). It ,rouJ.d appear that the 
diploid number of 6o ma, be mre nea.rfy accurate. There is agreeEnt that in 
cattle the ma.le is XY and the femle XX. The diploid number of the Indian water 
buffalo has been reported as 48 ( 45). · 
Inherited Factors Affecting Fertility 
White Heifer Disease 
The name is actually non-descriptive, although the condition is commonly found 
in white heifers of the Shorthorn breed. It has also been reported in: ro&:Q. and 
red Shorthorns and in colored animals of other breeds (18)(156) •. The condition 
appears to be due to failure of development of the Mll.leria.u ducts, and is of'ten 
referred to as tt1mper:f'orate hymen" (156). Some of the more common characteristics . 
are (64): 
.a. Closed hymen, or hymen persisting in varying degrees 
b. Distention of one .or both uterine horns, the uterine boey being present 
in r1,1dimentary form 
c. Complete absence of cervix and anterior vagina 
d. Prominence of Wolffian ducts 
e. Presence of longi tudinaJ. submucous channels in the vagina 
f. Aplasia of one uterine horn 
This condition is apparent]¥ of genetic causation, but the exact mde of inheri-
tance is not know.. · 
~ SterilitY;, ."K:nobbed Spermatozoa" 
Reported in Hol.stein-Friesian bulls, the condition is characterized by abnormal. 
formation of the acrosome (4o). Studies indicate that the formation of' vacuoles 
· in the devel.oping spermheads may be related to some unknown changes in the nucleic 
acid metabolism of the spermhead. There is an absence of' any chromosomal aberra-
tion, quantitative or structural. The condition does not appear to have a counter-
part in the female, and since ollly' males are affected it is concluded that the 
condition is due to an autosomal, sex-limited gene. 
Sexual OJ.and lfyp>Plasia 
The condition is reported in Swedish Highland cattle. It appears that the epi-
thelium layers of' the seminal. ducts and follicles of' the.ova.ries are underdeveloped. 
This may occur in either one or in both ovaries or testicles. Double-sided bn>o-
plasia in females af'f'ects the sec9ndary sexual characteristics. :Double-sided bno-
pl.asta in both sexes are sterile, although sexual instinct and copulation are nor-
mal. One-sided bypoplasts may have irregular reproduction ranging trom. very- good 
to ste1ile (53). 
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Tbe ovarian hypoplasia became a serious problem in the breed, affecting 17,r~ per-
cent of the cattle exam1~ned! 1n .1936 ~125). An all-out campaign, to· reduce the-
incidence was undertaken with financiaJ. assistance from the govermnent.. 'l'he 
incidence by 1948 had been reduced to 9.4 percent. 
The condition was first introduced from one l>reedlling eeniteJr.,, and the :tnc:tc:Dmc~· 
shewed a progressive decrease with. increasil'ilg d:liatance ~ tMa ~· center 
('1124}. 
The condition is due to a recessive autosomal gene with incomplete penetra.nce 
(123). . 
Atrophy.£! Testes 
An examination of the testes of six sterile bulls showed gross and microscopit! 
changes, including atrophy, caJ.cification, degeneration of seminiferous .tubules, 
and varying degrees of fibrosis (57). M:>de of inheritance not determined. 
:i;m_potentia Coeundi 
An inability in the ma.le to copulate caused by failure of the sigm0id curve of 
the penis to straighten during coitus. Due to an autosomal.~ecessive gene (64). 
Umbilical Hernia 
'!!his condition may interfere with breeding.efficiency. It has been reported as 
due to a sex-limited dominant gene of low penetrance (64), and also as due to one 
or more pairs of autosomal recessive factors (63). 
Turned Tails· 
The sperm are abnormal nth respect to their tails being turned be.cit past. the 
head. The mode . of inheritance has not been determined ( 0+). . 
Failure 2! 8R_ermato§enesis 
In.crosses of European cattle with bison or yak, the inheritance seems to be for 
the la.rge testicle of the European: parent.and the small scrotaJ. sac from the 
other parent. This resul.ts 1n excessive temperature within the testicle and a 
consequent failure of spermatogenesis (64). This has been observed in.crosses o'f 
(a) bison x domestic cattle, (b) yak x dome.iltic cattle, and (c) yak x Zebu. · 
·Endocrine Disorders 
ln male an1JPAls, a genetic predisposition toward inability to copulate and toward 
hormonal. .disturbances in spermatogenesis has been reported (1.23). Bo mode of 
inheritance is given. 
FemaJ.e Sterilitz 
I 
This general term is applied to a con.di tion reported 1n Jerse7 and Holstein cows 
(75)(76). The cause .of failure in the reproductive system.~ not been deter-
mined, but .it .1s probably zygote abortion in the late cleavage or ·early' blasto-
cyst stage. The condition 1s due to a single autosomal recessive sex-limited 
factor (76)(117). Proijeny tests have shown 1;hat .sires may be homozygous for the 
female sterility gene (141). 
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Foetal Resorption 
The fetus is found in various stages, from decomposed masses to only bones or 
dried ~es ( 46). The mode of inheritance is not known. 
Mmmrl.fication 
Reported in Red Dmish cattle,· the tetus dies at the eighth month of geste.tion. 
The fetus show a short neck, stiff legs, and prominent joints (46). Due to an 
autosomal. recessive factor. 
Cystic Ovaries 
ln Swedish HigbJanif. females, -No exact mode of inheritance determined (12:,). 
Intensity 2! ~ 
Breed differences have been noted in degree of heat. Simmentbal., Telemark, and 
Swedish Highland cattle· shqw intense· heat. Swedish bred cattle show ver, weak 
heat and may be undetected. . . 
Gonadless 
The absence of an ovary has been shown to be due_ to an autosomal dominant ( 64). 
Tubular Genitalia 
The_ vulva and cervix are constricted. ·The mode of inheritance is not known ,(64). 
Prolonged. Gestation 
Prolonged pregnancy in the Swedish Red-and-White cow has been reported from 332 
to 510 days (86). 
The calves all showed extreme hyperdevelopment .of the body extrem:!. ties, and in 
all cows the calves died. In the Holstein, gestation has been repor;ted as· 20 to 
88 days overlong (74)(107). Calves weigh from 105 to 168 pounds, "Qut are :of nor-
mal proportions. It was concluded that _the genotype of the fetus causes _the pro-
longed gestation (74). In Japanese cattle, gestation periods of 311 to . 4<)3 days 
have occurred. It was suggested that the fetus is homozygous for a recessiYe 
gene. This may cause some secretory glands of the fetus to affect the maiernaJ. 
body condi t.ions and disturb the onset .of labor (lo6). The sire of the calf' has 
been show to have a significant influence on the gestation length in the Red ' 
Sindhi, Gir, and Tharparkar breeds in India. (1). 
Fertili tr _2! "Freema.rtin:" 
Jersey cows, full sisters.,. born .1ess than a year apart, .each was a twin with a 
bull and each was fertile. Since only about 10 percent of the bisexed twin females 
are fertile, this occurrence suggests the possibility thatthe fertility,o:f' a·heif-
er bQrn tw;ln to a male may be controlled by heredity (5). 
Lethals and Sublethals 
The division between lethal and sublethal is usually somewhat arbitrary and not 
too well defined. Under some conditions, or with certain :mod,1.fying genes, a 
factor may behave as a true lethal whereas a somelfhat different environment or 
associated gene complex 111&y c8.Uf!e ~ fa<!tor to behave in a much different way. 
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Dwarfism appears to be one of the characters in cattle that is present in many 
different forms. 
Dwarfs irt cattle have been recorded since 1860 (164). Dwarf types have been 
reported from many breeds, including (a) .Aberdeen-Angus, (b) African Uganda . 
(Zebu), ('c) ~shire, (d) Dexter, (e) Guernsey, (f) Hereford, (g) Holstein-
1 Friesian (American, British< Swedish), (h) Jaroslav, (1) Jersey, (j) Oplandske 
(Norway), (k) Shorthorn, (lJ SWedish Red-and-White, (m) Spanish (Puerto Rico.), 
(n) Telemark, (o) West African Shorthorn. · 
Dominant Achondroplasia 
The ''bulldog" calves of the Dexter breed in Ireland were described in detail in 
.1904. They have short, round heads; depressed nostrils; bulging foreheads; pro-
jected mandibles; flabby tongues; short vertebral columns; thick, loose skin; 
inguinal hernia, and short .legs. They are about half normal.size. They: are 
aborted between the sixth and eighth month of the intra-uterine period. The·dam 
has an accumulation of uterine fluid between the fourth and fi:rth month of gesta-
tion. Breeding tests showed that the condition is inherited as a single autoso-
mal dominant (97). · 
The Dexter cattle are heterozygous. Inter se mating of Dexters resulted in segre-
gations in the ratio of l:2:1 (twenty-five percent of the offspring being homozy-
gous normal Kerry type, fi:rty percent heterozygous Dexters, and twenty-five per-
cent homozygous Dexter monsters). No bulldog calf was produced from the mating of 
Dexters with Kerry cattle. 
"Duck-legged11 cattle which appear to be simiJ.ar in a.ppea:rance to the Dexter breed 
have been reported in the United states (133). No dwarf or "bulldog" calves were 
found among the progeny of the "duck-legs". Some of the "d~c;k-1.egged" cattle 
were conft1sed with short-legged cattle of conventional breeding. The pituitaries 
of the "duck-legged" cattle were unusual.ly smaJ.l. The trait was due to a single 
dominant gene, although dominance is sometimes incomplete. 
Dominant achondroplasia of the "bulldog" type als0- has been reported in the 
British Friesians (41) and in the Jersey (140). 
Hereford breeders developed small-type cattle which were placing high in the show 
rings (190). They were short-legged and early maturing. These cattle were gen-
erally less extreme than the Dexter type, but were smaller at maturity than con-
ventional Herefords. These small-type cattle apparently have a mildly byperf'unc-
tioning thyroid compared •.1dth conventional-type steers (1.31). 
"Com;pact" Shorthorns were described that resembled the small.;.type Herefords (172). 
They could be identified at birth and the characteristics were distinct through-
out life. They appeared shorter of head, neck, body, and legs than the "stand.a.rd" 
type of Shorthorn cattle. They appeared to be thicker in their muscles. Some of 
them. had a tendency toward heavy shoulders and crooked legs. From field data 
available, it . was concluded that the "compact" condition in Shorthorns is due 
to a single dominant gene. · 
Recessive Dwarfism 
A recessiye type of achondroplas1a bas been described which is referred to as 
the "Telemark type" (97).· The heterozygous Telema.rk cattle appear normal. The 
monsters were born alive a:rter fu.11-term gestation and <lied within a few days 
from asphyxia (153). A known heteroz;ygous Telemark bul1 w.s mated with eight 
Dexter cows. During the p~riod.1926 to 19311 24 calves and a mummy were produced. 
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These included five long-legged calves, eleven typical Dexter calves, and eight 
which were not classified--probably long-legged, No monster -was produced. Neither 
the hypothesis of identical. genes for both conditions nor the hypothesis of multiple 
allelomorphs could be supported because no monsters were produced in the above 
cross. The probable explanation was that these two lethals were quite independent, 
and that each breed carried the normal factor corresponding to the lethal of the 
other breed. 
"Bulldog" calves have been:reported in the African Uganda cattle (21). The 
Uganda breed of cattle is supposed to have originated from a cross of the long-
horned Ankole breed and Easter Province animal.~ which are typical Zebus of small 
size. 
Three achondroplastic calves have been described in the Jaroslav breed in Russia 
(129). All three dwarfs resulted from the mating of champion cow "Zolataja" to 
her son, grandson, and half brother, respectively. The dwarfs had deformed lower jaws and shortened legs. One of these dwarfs could not eat grass and hay, but the 
other tw, aJ. though they· had shortened lower j a.we, could eat normally. They did 
not live long. It wa.s felt that this was a milder form. of achondroplasia than 
other types which had been reported at that time. It was concluded that the 
sires were heterozygous for the monstrosity. 
"Bulldog" calves were reported in the Guernsey, Jersey, and Ayrshire breeds, all 
apparently ca.used by the homozygous condition of a recessive gene (19). Dwarf 
cattle also are reported among the original Spanish cattle in Puerto Rico (4). 
A new sublethal type of achondroplasia was brought to light as a result.of the 
inbreeding of Jersey cattle in California (71). It .-was recessive in nature, but 
more variable in its phenotypic expression than the Telemark type. The greatest 
modifications seemed to occur in the development of the bones of the skull and 
jaw. Defective calves could be identified at birth by a short, broad head, and 
a prominent forehead. Clef't palate might be observed in severe cases and the 
maxilla was sometimes shortened. The gene involved "has little, if any, effect 
on J.eg length." The dwarfs died a:rter birth, BJ.though one a.chondroplastic fem.a.le 
lived to 14 months of age. 
Jersey ''bulldog" calves that ha.d notched ears ha.ve been described (178). In add.1-· 
tion, they had shortened maxillae; bulging eyes_; short, gnarled legs; no tails, 
and were hermaphrodites. They were full term and born alive. Jersey "bulldogll 
cattle are described as having skulls broader and shorter than norma.l (13). The 
nasal bone is particularly short and broad, and the poll is wider between the 
cores. The orbits a.re large and the upper jaw short. The animals apparently 
have im,pairedvision. • 
!!Stumpy," arecessive.achondroplasia in Shorthorns, has been described (10). 
This type of dwarfism -was discovered follow.:t.ng a line-breeding program in a pure-
bred Shorthorn herd in central Nebraska. The dwarf' or ."stumpy" calves had three 
common characteristics: (a) They had curly coats and smaller sv.f_tches. By these 
characteristics the "stumpy" individuals could be .detected at birth; (b) An 
achondroplastic condition more marked in the forelegs than in the hindJ..egs. The 
knees were · enlarged. The cannon bones were twisted. The body and head seemed 
to be normal in size, (c) ~tabolic disturba.nces were present in all "stumpy" 
calves. M::>st of' these anJma.J s were thin. These. dwarf's liyed and reproduced. 
Al.though the condition is not lethal, it is a serious economic loss to breeders. 
No post-mortem examinations were made and the endocrine glands -were not studied. 
No measurements of' the anirna] s were taken. Between 1937 and 1946, a total of 562 
calves were born in the inbreeding program. Among these were 26 .dwarf's. The 
incidence o:f dwarfs in the herd :for that period was, therefore, lf..6 percent. 
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All of the dwarfs had a common ancestor in which the mutation might have 
occurred. From an. analysis of the pedigrees, it was concluded that the "stumpy" 
syndrome was caused by a singl.e autosomaJ. recessive"gene. 
West Africa Shorthorn cattle have been described that .are dwarfed in stature, . 
humpless, and do not resemble zebu in an::, characteristics. A full-grown bull 
will weigh 350 pounds and measure a.bout 36.inches to the top of the withers. 
They appear to breed true genetically since they do not change·even under opti-
mum environmental condi i;ions (108). · 
An achondroplastic type found in SWedish Red-and-White cattle appears to be sim-
ilar to dwarfs· found in some of the British breeds (110) : .. 
a. Head short and broad with moderately bulging forehead 
b. Upper jaw noticeably shorter than; lower jaw 
c. Legs comparatively short, particularly below knee and hock. The calves 
stand on the tips of their toes, and on the hind legs the toes are 1n 
most cases turned under. The condition improves so that the cal.yes can• 
waJ.k fairly well in a week.or two. 
d. Gestation length normaJ. 
e. Excessive amniotic fluid noted 1n many cases 
f. Bull calves show more pronounced symptoms than heifer calves 
The indications are that the heterozygotes are somewhat achondroplastic. 
A proI)ortionate type of dwarfism is known in J"er$ey cows (138). They tend to be 
smaller at birth but weights and measurements lie within normal range so dwarf' 
an;fmaJ.s cannot be identified by dif'fere:q.ces in general apI)eara.nce early in life. 
At.maturity they are distinctly smaJ.J..er than normal cattle. It is due to a s1ng.le 
autosomaJ. recessive. 
A recessive type of dwarfism has been reported in Angus (11). They were always 
distinguishable at birth. ·At varying ages, from birth to two or three months, 
they usual.ly exhibited exceptionally compact, low-set, thick podies, with short., 
id.de head. They usuaJ.ly did not gain or fatten: norma.lly and . after a feW months 
did not show the same thickness and degree of finish as they had at an earlier 
age. The head al.so appeared relatively longer and narrower than at an earlier 
age. Bull an.d heifer dwarf calves were produced in approximately equal. numbers. 
The condition is due to a single autosomaJ. recessive gene. 
The Hereford dwarf' has probably received the most attention recently (112). Its 
occurrence in Herefords is quite frequent. The dwarfs were · thick and blocky at 
birth, and most of' them caused calving dif'f'iculties because of their character-
ist,ic greater width of body. This was especia1.J.y noticeable when the mother of a 
dwarf was a heifer. Sometimes death occurred due to dystocia. M:>st of the 
dwarfs died before they were one year of age. The . symptoms of dwarfism became 
increas1ng.ly.pronounced with age, due to retarded growth. M::>st .of them were 
chronic bloaters and some have died of that cause. Slightly bulging foreheads 
were common, but this alteration was not always extreme and might not be present. 
It was reported that the lateral ventricles of the brains of dwarfs contained 
more than the normal a.m.oim.t of' fluid. In a two-year-old dwarf bull, spermato~ 
genesis was present. No defect of the endocrine glands was found in the two 
dwa.rfs exarnin~d histologica1.ly. 
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A mo;re ~omprehensive study was made of dwarfs in the Hereford, Angus, and: 
Shorthorn breeds (78). Al.l of the dwarfs had thick, heavy, labored breathing, 
as if they had some respiratory- trouble. The mandible, with some maloccl.usion 
of the incisors with the dental pad, was longer than the maxilla. The dwarfs 
were low set, compact, blocky, short of neck, wide through the body, and had 
broad, short faces. The shortening of the long-bones and the bulging of the 
foreheads were common characteristics of these dwarfs within the Hereford, 
Aberdeen-Angus, and Shorthorn breeds. At two to four months of age, the dwarfs 
aweared to be stunted and potbellied and they were able to breathe only with 
difficulty. Physiological studies indicated that the dwarfs have a deficiency 
of the thyrotropic hormone. Later investigations (35)(135) indicate that the 
thyrotropic hormone is present • 
. Al.though the dwarfism occurring in the .Angus, Hereford, and Shorthorn breeds 
is apparently due to a simple recessive gene, it l:J,as been suggested that more 
than one type of dwarfism is probably inv?lved in each of these breeds (128). 
Also, the "cretin" characteristics of these dwarfs (51) (77) (150), may be con-
fused with nonhereditary congenital deformities (70)(92). It also has been 
suggested that different phenotypic forms of dwarfism result from the inter-
action of the "comprest" and "conventional" dwarf genes (22)(70). 
Akroteriasis Congenita {ampu~ated) 
Reported in the Swedish breed of H.ol.stein-Friesian cattle (194)(195). In the 
homozygous condition it was characterized by an extremely reduced mandible and 
inaxilla, forelegs amputated at the elbows, hind legs mtq>utated at the hock 
joint, and a pronounced hydrocephalus. The calves died after ful.1 term. Among 
ll5 caJ.ves produced by the mating of heterozygous bulls to their daughters, 102 
were normaJ. and 13 were amputated, which fits the expected ratio of 101:14 accord-
ing to the hypothesis of a single recessive gene. The gene was probably imported 
from Germany and was widely spread in SWeden. 
Short .· Spine 
In the Oplandske mountain breed of cattle in Norway a gene for short spine when 
in the homozygous state .caused an extremely short neck, thorax, and tail (144). 
The ca.lyes died after ful.1 term birth. In some, atresia an1 was present. This· 
condition was attributed to a single recessive subletb.al gene. 
19':drocephalus 
In Holstein hydrocephalic calves, the interna.1. hydrocephalus was accompanied by 
a marked papilledema. The lateral ventricles were greatly distended so that only 
a thin layer of cerebral tissue remained between the cavity of the ventricles 
and the cranial bones. Both the humeri and the femurs of these an1 roal 6 showed 
marked malformation. The shafts of these bones were considerably shortened but 
larger in diameter than normal. ".Asymmetry-" (wry-face) and "jumpy" {muscular 
incoordination) were found associated with hydrocephalus. The hydrocephalus 
appears to be due to a simple recessive. ( 25) .. 
Recessive hydrocephalus has been reported in the Ma.rche breed (62). In many 
cases, hydrocephalus was accompanied by malformation of the limbs. Recessive 
hydrocephalus also has been reported in the Hereford and Holstein-Friesian 
breeds (2)(105). · 
In a report covering.the general consideration of hydrocephalus in calves, it was 
stated that congenital internaJ. hydrocephalus of the newborn may well account for 
a considerable number of unexpl~ined losses in calves du.ring the first few weeks 
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postpartum. It is a condition which is apparently not readily recognized at 
birth or shortly thereaf'ter (16). 
Skull Defect 
Reported in Holstein .. Friesian cattle. The brain tissue protrudes from a frontal 
opening in the skull (165). The mode of inheritance is not 1known.. . 
Nervous Disorders 
There appear to be several forms of paralysis. In: some cases the condition 
cannot be considered as a true lethal. 
-An abnormality characterized by incontinence of urine, partial or co~lete paral-
ysis of the tail, ataxic movement of the hindquarters,. and enlarged abdomen -was 
observed in 25 young calves of the M9use-Rhine-Yssel breed (182). The condition 
is due to a single recessive. 
A spastic syndrome bas been reported _in cattle (159). It is probably a disease 
of the central nervous system, usuaJ.ly affect.ing older cattle. It is _character-
ized by spas~ic contraction of muscles of one or both hind legs, back, and 
eventu~ the entire body. The cram;ps last from several seconds to a few min-
utes or longer a.n:d then cease suddenly, only to be repeated upon the proper 
stimulus. The attacks are mild. for several .. yea.rs before a severe attack ocqurs. 
Symptoms a.re.most .evident when the animal first gets up or is startled, and are 
absent when the animal is recumbent. The animals appear to be less affected. 
when on pasture, exercised moderately, and kept isolated and quiet. This char-
acteristic has been observed in Holstein, Guernsey, A;yrshire, and crossbred , 
Bra.bman and Shorthorn. It .has definite familial occurrence but the exact-hered-
itary nature has not-been determined. · 
Congeni taJ. ataxia has been described in Jersey calves in which the symptoms,. are 
present at birth (162). The calves were well formed and appeared bright .and 
alert, but walked J.ike a ballet dancer and would fall dow easily. . It is due 
to a lack of development of' nerve cells,: axoll cylinders, myelin sheaths, and 
~odendroglia 1n the cerebellum and midbra.in. I>ue to a simple recyssive gene. 
Congeni taJ. hereditary paralysis has been, described in- Red Danish cattle (23). 
Affected calves are inclined to be dow with their legs :f'ully extended. The 
joint and tendon reflexes are accentuated, and a tendency to clonus is notice- . 
able. This increases tonus or spasticity and produces a.n apparent paralysis .. 
Coordination of the movements Qf the hind legs is affected, but to a somewhat 
less degree. Due to a single recessive gene, homozygotes are paralytic -whereas 
heterozy~otes are phenotypicaJ.ly normal. · 
Paralyzed hindquarters have been reported in American Red Imlish cattle (34). 
It is present at birth and the anima.Js die at about ;t-wo· veeks of age. Due to-
a single autosomal recessive. · 
A muscle contracture has been described in BPlsteilr-Friesian cattle. The calves 
are :f'ull term. The head is dra-wn up toward the back, apparently by contraction 
ot the cervical muscles. · The neck is extremely rigid. The fore and hind limbs 
a.:te folded and almost v.rapped. around the body. They also are extremely- rigid (99). Due to a simple recessive. ' · · · · 
Paresis of the hind legs and blindness a.re inherited as a simple recessive in 
the Norwegian Red Polls (J.81). · The calves are normal size and alive at birth. 
The -hind legs are paralyzed, forelegs normal. M:>st of the calves bad spasms in 
the neck which caused them tc throv the head and neck backward. Some had acute 
keratitis and became blind. 
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The Norwegian Red Polls al.so bave a muscle contracture caused by a simple reces-
sive gene (181). The ca.l.ves are f'uJ.l term. The hind legs are bent backward to 
a considerable degree. The forelegs are slightly bent. A1.1 legs are a.nkylosed. 
The hair coat is abnormally short and :frizzled. 
A prenatal tendon contracture is described in Milking Shorthorns {:;6). The 
ca.l.ves are f'uJ.l term, but shov abnormal development.of the skeletal. muscle. 
The suspensory apparatus of the f'ront legs is in a contracted state. It is ac-
tua.l.ly necessary to. sever the flexon tendons to straighten the legs. Due to a 
simple recessive. A ~1rn1Jar condition is reported in Girand Indo-Brazilian. 
Zebus. 
Hereditary congenital. lethal. spasms• are al.so· knmm in Jersey cattle (73). The 
caJ..ves appear robust and heal.thy except f'or ·certain convulsive movements. They 
can stand but never do so voluntarily. The condition is due to a simple reces-
sive. 
In the Brown Swiss, an epileptic-type character is inherited as an autosomaJ. 
dominant (8). It is characterized by a lowering of the head, tongue chewing, 
slight foaming at the mounth, and fi:ca.J.ly collapse in a coma • 
. A check list of hereditary and familial. diseases of the central nervous system 
in domestic animals has been compiled (161). Some of the selected examples are: 
Breed 
1. Brown Swiss 
2. Danish Red 
3. Hereford 
4. Holstein-Friesian 
5. Swiss Spotted 
6. Holstein-Friesia.n 
7. Jersey 
8. Norwegian Red Poll 
9. Simmental. 
f!:Ekllosis 
Character 
Epilepsy 
Congenital posterior paraJ..ysis 
Ataxia, cerebellar bypoplasia: 
Spastic paresis 
Spastic paresis 
· Spasms 
Spasms 
_Paralysis, spasms of neck 
Tremor of forelimbs 
Inheritance 
Dominent 
Recessive 
Not reported 
Recessive 
Recessive 
Recessive 
Recessive 
}lecessive 
. Not reported 
Characterized by ossification of the articulation of the lower Jaw and shorten-
ing of the jaw. The affected animals are stillborn or die soon after birth •. 
Reported in Norwegian ~dal. and German cattle. Due to a simple recessive (166). 
A combination muscle contracture and ankylosis is reported in the Jersey breed 
(170). The forelegs are usually deformed and, ·.in addition, some of the caJ..ves 
have a wryneck, flexure of the spinal column, and an incompletely developed pal-
ate. It is reported in an inbred herd, but the mode of inheritance is not given. 
!!!! Deformitr 
A deformity of the lower jaw bas been reported in Milking Shorthorns (3). The 
jaw is only haJ..f normal length. It is dll.e to a recessive gene. A maJ.occlusion 
due to :mandibular prognathism is al.so reported due to a dominant gene with reduced 
penetrance (171). · 
Agnathia has been reported in various degrees. In the .Ayrshire,· the upper Jaw is 
10 cm. longer than the lower Jaw. The tongue is narrow and small (126). In 
Jersey cattle, it is characterized by a greatzy shortened lower jaw tbat either 
lacks teeth or has undevelo_ped dentition (189). The eyes appear sunken, with an 
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unbroken hairless skin or membrane over the sockets. The ears are shortened 
and abnormal. There are large, hairless areas over the body, especially below 
the knees and hocks. Due to a simple recessive. Another type of agnathia in 
the Jersey is described as an ossification of the entire mandibular space. The 
lower jaw was very short and the an1maJ. could not breathe or swallow. Limited 
to males, this was due to a recessive sex-linked factor (52). In the New Zealand 
Shorthorn cattle, .there is cong;,lete absence of the lower jaw (43). Due to a 
simple recessive. In the Milking Shorthorn, the premolar teeth are impacted in 
the lower mandible, which was greatly reduced in size (94). ·The calves are nor-
mal in size at birth but die within the first week. Due to a simple recessive. 
Skin and Hair Defects 
Hairless calves, stillborn and usually premature, a.re present in Japanese cattle 
(106). The ski:n. is wrinkled and cracked like an elephant's hide. The condition, 
called "bypotrichosis bypotbyreosa" is caused by hypofunction of the thyroid. 
Due to a simple recessive factor. 
In the Holstein, an epithelial defect is characterized by absence of the hair 
· on the skin below the knees and hocks, one or more undeveloped claws,. deformed 
ears, defects in the muzzle, and virtually cong;,lete absence of mucous membrane 
. (82)(83)(84). The condition is· called "epitheliogenesis imperfecta neonatorium 
bovis" and is due to a simple recessive gene. 
A very similar condition has been reported for Jersey cattle (155). It is al.so 
due to a simple recessive gene and it was suggested that the gene is probably 
common for Holstein and Jersey. 
Another simple recessive gene in the Swedish Holstein-Friesia.n ca.uses .animals to 
be cong;>letely hairless (143). This condition has been designated •1hypotrichosis 
congenita." 
Holsteins also have a defect characterized by a deficiency of the front teeth and 
a deficiency of hair on the head and neck. As the animals become older they appear 
normal (26). The lOOde •Of inheritance is not known. 
A condition called "streaked hairlessness" is also reported in Holstein-Fries:f.an 
cattle. The affected an:f maJ s are devoid of hair on various parts of the ·body, the 
hairless areas occurring in more or less consistent patterns (47). Only the 
females are affected. There is an abnormaJ. sex ratio .of 2 females to 1 male born. 
It was concluded that the condition is due to a semidotrdrumt, sex-linked, lethal 
gene. In the.Normandy and Ma.ine-.Anjou x Charollais cattle, a congenital condi-
tion marked by hairlessness, toothlessness, deficiency of the horny tissue, and 
enlargement of the :tongue is reported (42). It .appears to be a sex-linked reces-
sive transmitted by the female to some of her sons. 
A condition has been described in Guernsey cattle in which the animaJ.s a.re com.:. 
pletely hairless except for the tip of the tail and the inside of the ea.rs (100). 
The teeth, hoofs, and horn buds appear normal. At maturity some normal hairs are 
present inside of the ears and the lower portions of the legs •. Otherwise, only 
sparse, scraggly- hairs are present. It is due to a s1mple a.utosomaJ. recessive 
character. · 
In A;yrshire cattle, · bare areas may occur 'on the legs, muzzle, and inside of' the 
mouth. It .is due to a simple recessive · gene (99). · . 
A condition of semihairlessness bas been described in ca.lves resuli;ing from .a 
purebred Polled Herefqrd bull used on ndxed grade cows (33). The affe(?ted calves 
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do not grow well a:rid appear to be very wild. They are normal in size at birth 
but very thin. They have a very thin coat of short, fine, curly hair at birth 
and in two or three weeks coarser hair begins to appear, but they never develop 
a normal hair coat. A very similar condition was noted in Polled Hereford cattle 
in California (115). The condition is due to a simple autosomal recessive. 
I 
A 11karakul 11 type of curliness has been described in Ayrshire' (49) and in Swedish 
cattle (109). In both cases the c.ondition is due to an autosomal dominant gene. 
Foot and Hoof Defects 
Syndactylism has been reported in the Holstein-Friesian (50) and in the Hariana 
breed (113)(167). It is due to a simple recessive. 
Polydactylism is present on the front foot of Hereford males (145). As the anim-
als get older the feet become tender and the animals a.re la.me. It is due to a 
sex-linked recessive. In the Holsteins, polydactylism is due to a dominant gene 
( 68). 
Reduced phalanges in Swedish cattle is due to a single recessive (98). 
A condition has been described in Jersey cattle in which there is a lack of tone 
in the muscles and ligaments holding the phalanges together (142). The condition 
is due to a single autosomal recessive factor. Flexed pasterns also has been 
noted in Jersey cattle (6)(139). It is due to a single autosom.al recessive gene 
(139). A method of measuring the metatarsal inclination in Ayrshire is described 
(81). The inclination is inherited. 
A congenital hereditary lameness is described in Red Danish cattle (23)(146)(i53a). 
It has become rather widespread in some areas. Due to a single recessive gene. 
In Glan cattle the occurrence of warts between the hoofs is due to a dominant 
gene (65). 
Porphyrinuria (pink tooth) 
This condition has been studied in detail in a herd of Shorthorn cattle in South 
Africa (58)(59)(60). It is an abnormaJ.ity of pigment metabolism in which young 
animals lose hair and develop a rough coat. Crusts and scabs may be present 
around the eyes and nose, and there may be a nasal discharge. The urine is red 
and may remain so for several months. The teeth and bones are a reddish brown 
color. It:is due to a simple autosoma.J. recessive. 
Congenital Dropsy 
Affected calves may show degrees of dropsy from slight to severe. Slight cases 
may pass unrecognized, while severe cases often entail loss of the dam (39). 
Forms of dropsy have been reported in Ayrshire and Swedish !Dwla.nd cattle (48). 
The condition is due to a recessive gene which may be favored in the heterozygous 
condition since the incidence in pedigreed herds in England is increasing rapidly 
(39). 
Eye Cancer and Epithelioma 
Skin cancers and dermatitis a.re usually found in cattle with white hair and a 
white skin. If cattle with white coat and hide eat certain plants, the hide be-
comes supersensitive to radiation (17). 
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Hereford cattle, with their white faces and unpigmented eyelids, are susceptible 
to eye cancers and epithelioma. The cancers develop exclusively on the conjunc-
tiva in breeds where the conjunctiva is deficient in pigment. Cancers also 
develop on those parts of the eyelids which are not covered with hair and which 
are unpigmented. Epithelioma is probably due to the effect of solar radiation 
and occurs on the conjunctiva and the hairless, unpigmented rim of the eyelids 
(l 7) (61) (80) (179) (191). · 
Epithelioma of the eyelids may be aJ.most entirely prevented by breeding only from 
those Hereford cattle which have a ring of brown hair around the eyes and pig-
mented eyelids. Apparently, there is a close connection between the amount of 
color of the hair about the eye and the amount of pigment present in the conjunc-
tiva (17)(179). 
In addition, there is an apparent tendency for suscepti?ility to eye cancer to 
be inherited (80)(179)(191). 
A 
B 
C 
D 
TABLE I 
Variation in Pigmentation about the Eyes of Hereford Cattle (17) 
Herd 
Classification According to 
.Amount of Pigmentation 
++ + 
19 252 59 
9 63 98 
3 48 27 
16 137 73 
Incidence of Opthalmia, 
Other Affliction.and Cancer 
++ + 
0 16 25 
0 0 26 
0 5 21 
0 17 28 
.Mara 55 l59 102 0 17 22 
Total 102 659 359 0 55 122 
Percentage of total 9.1 58.8 32.1 0 4.9 10.9 
Percentage each class 0 8.3 34.o 
-
Pigment around eye absent. 
+ Pigment around eye small, often interrupted; also, pigment or broken pigment 
on eyelids. 
++ A large ring at least one-half inch wide around the eyes. 
In a study of 400 cancer eyes, the following results were obtained (179): 
a. All cancers developed on mucous membrane lining the eye, and on the 
cornea. In no instance did the cancer develop on the skin. 
b. Lid pigmentation in cancer eyes. 
1. Complete pigmentation - f!f/o 
Partial pigmentation - 58</o 
No pigmentation - 34% · 
c. Location of cancer: 
l. Cornea - 5a/o 
Lid_ - 22% 
Nictitating membrane - 17% 
Questionable - ll% 
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Congenital Cataract 
The condition has been reported in Holstein-Friesian and Jersey cattle (38)(68) 
(72). The lens of the eye shows an opaque body beneath the cornea. It is due 
to a single autosomal recessive gene. 
Strabismus 
The cross-eyed condition is not always evident at birth, but does show by the 
time the animal is a year old (154). Due to a single autosomaJ. recessive. 
Night Blindness 
. The animals were affected from the time of birth (32). Described in Milking 
Shorthorns, the animals could see in sunlight but not after dark, There was no 
visible defect of the eyes. The mode of inheritance was not determined. 
Muscular Hypertrophy 
Reported in Herefords, Angus, Galloway, Holstein, Ayrshires, Shorthorns, 
Charollais, and crossbred Africander-Angus (87)(116)(185), It is due to a 
recessive gene, but the heterozygote may be favored in selection, The thighs 
of the affected animaJ.s are extremely deep and full and show a deep groove. 
Because of the additional size, parturition is difficult, 
Udder Abnormalities 
A faulty placement of the fore and rear teats in the Hereford is inherited as 
a simple recessive (lll). 
In the Guernsey, a condition has been described in which the udder is poorly 
shaped on the right side and only one teat present on the left side (93). Due 
to a simple recessive. It has also been noted that in.Holstein x Galloway 
crosses acute mastitis appears to be present in certain cow.families (186). 
The'exact mode of inheritance was not determined. 
Wtytail 
Wrytail has been reported in Jersey, Guernsey, Holstein, Ayrshire, Brown Swiss, 
and Red Polled cattle (7)(9)(119). It is due to a simple autosomal recessive 
but the direction of tail set is nongenetic. 
Ear Defects 
11Double ears 11 in Brahman cattle is caused by a thin, flat piece of cartilage 
parallel to the main axis of the ear and projecting out of the back surface of 
the ear very much as the dorsal fin of a fish projects from its back (132). Due 
to a simple dominant gene. In Jersey and Ayrshire cattle, a notch on the lower 
edge of the ear similar to an identification notch is inherited as a dominant 
(31)(132). In Ayrshires, it was reported that 1.4 percent have wrytails, .09 
percent have wry faces, and .83 percent have cropped ears, (31). 
Umbilical Hernia 
Appeared in Holstein-Friesian male calves between the ages of 8 and 20 days. 
The condition persisted in varying degrees until the cattle were between 10 weeks 
and 7 months of age when the sac seemed to contract (183). It appears to be due 
to a sex-limited autosomal dominant gene. 
Sire 
3000 
300 
300A 
300c 
300D 
lOOB 
TABLE II 
Summary of the Recessive Genes Carried by Six Sires 
Selected at Random (141) 
Epithelio-
genesis 
Imperfecta 
+ 
Recessive 
Achondro-
plasia 
+ 
Propor-
tionate 
Congeni-
tal 
Dwarfism Cataract 
+ 
+ 
Strabis-
mus 
+ 
+ 
Flexed 
Pasterns 
+ 
+ 
Female 
Sterility 
+ 
+ 
++ 
+ 
Defect did not appear in test progeny, assumed to be homozygous normal. 
+ Heterozygous for specific recessive gene. 
++ Homozygous for specific recessive gene. 
Disease 
There are reported cases of Gujarati Zebu cattle being immune to foot-and-mouth 
disease. The Zebu are also immune to Texas fever and anthrax and will transmit 
this immunity to their F1 progeny (121). The Nellore cattle are also highly 
resistant to rinderpest. 
There is a recognized genetic difference in the ability of animals to withstand 
disease or infection (69), and in some animals the resistance has been found to 
be monogenic (127). 
Miscellaneous Inherited Factors 
There are inherent differences between the progeny·of different bulls in their 
ability to handle large quantities of feed without digestive disturbance (ll8). 
Many animal behavior characteristics, including such items as grazing time, 
ruminating time, the distance an animal will walk, the number of drinks an anim-
al will take in a day, appear to be inherited (88)(90)(91). 
Genetic factors have also been recognized in the establishment of social hier-
archies for animals (29)(32). 
In a summary of cattle inheritance, the following characteristics were listed 
(68): 
a. Black tongue dominant to white 
b. Voice of bison and hump of bison dominant 
c. Dewlap and sheath of indicus dominant or partially dominant to tau.rus 
d. Small size of Holstein front teeth dominant 
Color Inheritance 
In various crosses within and between beef and dairy breeds, black is dominant 
to red and to white (20)(27)(66)(130)(184). Brindle in Telemark cattle is 
dominant to red (193). A study of West Coast cattle of Norway indicated the 
following (14 ): 
r 
/ 
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a. Bro,m color is determined by the factor Bs, dominant to red and reces-
sive to black. Brown color is not an allele to black. 
b. Brindle is determined by the factor Br, acting on the brovm factor. It 
has no influence on black and red. -
c. Dun is determined by a factor Q, dominant to black.' It has no influence 
on red. 
In crosses of white Shorthorn x Galloway it was postulated that white is caused 
by the absence of the extension factor E, (130). 
In crosses of dairy and beef breeds, the following results were obtained (66): 
a. There is a recessive dilution factor in the Guernsey breed,. 
b. Inguinal white is dominant. 
c. Pigmented muzzle is dominant to unpigmented muzzle. 
d. Pigmented tongue is dominant to unpigmented topgue. 
e. Black switch is dominant to other switch colors. 
The silver gray in Guzerat and Nellore cattle is due to nonpigmented tipping of 
the hairs (157). The tipping is inherited as recessive to nontipped condition. 
Black coat color of Dutch Belted cattle is dominant to Jersey red (12). The white 
belt is also dominant to the solid color. The recessive white spotting of the 
Jersey is ... dominant over recessive red of the Dutch Belted. Belt and self-color 
are both considered dominant over absence of belt and not self-colored (122). 
In a rather complete study of color inheritance in Hereford cattle, the follow-
ing results were obtained (152): 
a. The reduction of pigmented areas, such as line back, due to .recessive 
factors 
b. The extension of pigmented areas, such as a red neck, due to dominant 
factors 
c. Pigment around the eye (red eye) is incompletely dominant and may,be 
associated with red neck 
d. Pigmented nose, due to dominant factors 
e. Claret color is recessive to pale bromi coat color 
The black areas appearing in the Hereford coat appear to be inherited, but the 
mode of inheritance was not determined (95 ). The gene for Hereford pattern, Sh, 
is allelomorphic to self Sand to recessive white spotting s. The gene Pl causes 
large pigmented spot;· on the face and causes pigmented legs-(lo4). -
Based on observed results, it has been postulated that all cattle are homozygous 
for the g~ne for black pigment, B. The extension factor E acting on B results 
in a color like the Angus. The gene for blackish, Bs, acting on B results in 
colors like the Ayrshire and Jersey (15). The genefor red, c, is present in all 
pigmented animals. Bs is h.y}>ostatic to ! (103). -
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A recent study using identical twins has shown the following results (89): 
a. R {red) present in all cattle except albinos. HyJ?ostatic to other 
nonallelomorphic genes. 
b. E (black extender) all animals are genetica.J.ly black, B, but the black 
pigment.is carried to the hairs only if the animal has-~. 
c. Bs (blackish) is influenced by environment. In a Bs animal, the skin 
Is black but a strip of brownish skin runs from thelower jaw down the 
throat, brisket, belly, and udder. The inner surface of the ears is 
also brown-skinned. 
d. Be (black ears) has more effect than Bs. 
e. Br (brindle) can act only in the presence of Bs. 
f. ~ represents self-color. s inhibits hair and skin pigment in certain 
areas. 
Shorthorn Colors: 
The single-factor hypothesis for roan color was advanced as the simplest explana-
tion (158) (192). 
WW= red 
W w = roan 
ww = white 
A modification of this scheme includes an extension factor (44). 
R = red 
r = white 
E = roan extension factor 
Red= RRee, RREE, RREe 
Roan = Rr EE, Rr E-e-
White = rr ~ rr ~ EE.~ 
Another modification includes the gene for self-color, S (168). 
R = red color (incomplete dominant) 
r = white 
Rr = roan 
8= self-color (dominant) 
s = pied 
Red = RR SS or RR Ss 
Red-and-White =lffiss 
Roan ( even) = Rr SSor Rr Ss 
Roan ( uneven) = & ss - -
White= rrss, rr ~or EE.~ 
Incomplete expermental results with blue-gray cattle indicate that the F2 data 
fit the hypothesis of either one factor of t-wo factors involved in Shorthorn 
color, while backcross data do not fit either hypothesis (54). It was suggested 
that white a~ts differently with roan from the way it acts with a solid color. 
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Albinism: 
Albiniom in water buffalo, Brown Swiss, and Holstein cattle is due to a reces-
sive gene (28)(37)(151). It is suggested that albinism is due to a lack of the 
enzyme tyrosinase (151). 
The information on color inheritance has been summarized with appropriate 
symbols (101): 
1. Black (B). This gene makes all pigmented hairs black. bis the 
absence-of black. bb animals are usually red. 
2. 
4. 
5. 
6. 
Black Spotting (Bs). Also called "blackish." This is the type of 
black foi.md in Jerseys, Ayrshires, and Brown Swiss. It causes black 
pigmentation in certain areas. Specific modifying genes influence the 
degree of black. The character is also sex-influenced, being more pro-
noi.mced in males. 
Dilution. A recessive dilution factor (i) occurs in the dairy breeds 
Jersey and Guernsey. This is not carried by the other red breeds, 
such as Herefords, red Shorthorns, and .Ayrshires. There is also a 
dominant dilution factor (D) which acts on black (B) to produce dun. 
The genetic explanation for dark red and yellow Herefords has not been 
determined. 
Self and Recessive White Spotting. (S and s). The gene r·: r.auses an 
animal to be entirely pigmented. An animal-that is entil•:,J.y pigmented 
(shows no white spotting) is called "self" or "self-colored." The gene 
s represents white spotting. Sis not completely dominant to s. There 
are undoubtedly many genes which influence the expression of the reces-
sive white-spotting gene, and specific modifying genes have been postu-
lated to accoi.mt for some of this variability. The gene Lw causes a 
small amoi.mt of white and is incompletely dominant to itsallele, lw. 
The gene EJ.: causes considerable pigmentation of the legs below thelmees. 
Roan (N). It has not been possible to establish Shorthorns that will 
breed true for the roan color. There are many conflicting theories to 
explain the mode of inheritance of roan, but the single-factor hypothe-
sis still seems to be the best suited. According to this hypothesis: 
NN = red, Nn = roan, and nn = white. Part of the difficulty in study-
ing the inheritance of this coloring has been the inability always to 
differentiate between a dark roan and a red. There are i.mquestionably 
many modifiers which could cause considerable variation in expression 
of these major genes. 
Dominant White Spotting. 
A. Hereford Pattern: The gene for the Hereford pattern is part of 
an allelomorphic series: 
sH = Hereford pattern 
S = Self ( a single _color, e.g. , Angus) 
s = Recessive white spotting 
SH is incompletely domant to Sand completely dominant to s. The 
genes Lw and lw influence the amount of white that will be present. 
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Other modifying genes are: 
Rn= Red neck. Rn is incompletely dominant torn. 
Re= Red eye (redhair around the eye). Is completely domi-
- to re. 
Line-back: The term line-back does not mean the same to all Here-
ford breeders. Various definitions are used. , In general, it con-
sists of white hairs extending along the back from the end of the 
white crest and is apparently inherited in a quantitative nature. 
Since the extent or degree of white is not consistent, it is prob-
ably influenced by modifying genes, although it is likely that a 
major recessive gene is involved. 
B. Dutch Belt (sD). A Dutch Belt is .characterized by a white belt, 
varying in width and regularity, armmd the body back of the fore-
legs. This is due to a gene which is part of the allelic series 
containing §.H. and§_. 
sD = Dutch Belt 
sH = Hereford Pattern 
S = Self ! = Recessive White Spotting 
sD is dominant to S and s and· ·can. S:ct w1 th sH. 
C. Colorsided (sC). Colorsided animals are pigmented on both sides 
of the body a.n.d the remainder is white. This gene is also part 
of the allelic series: 
sC = Colorsided 
sD = Dutch Belt 
5H = Hereford Pattern 
S = Self 
E. = Recessive White Spotting 
sC is incompletely dominant to.@_ and completely dominant to s. 
7. Dominant White Spotting,. 
A. Inguinal White (In). This character is especially noticeable in 
some individuals of the .Angus breed. The gene In causes white in 
the inguinal region, including the scrotum or udder. 
B. Whitening (w). A recessive gene ! is responsible for the 11fa'WD." 
color.in Jersey cattle. 
C. Pigmented (Black) Skin Spotting (Ps). The dominant gene, ~ is 
responsible·for producing the black muzzle color and black skin 
spots, which may occur anywhere on the body. 
Breed-color Formulas: 
The possible Mendelian formulas for the color constitution of some breeds.have 
been presented by Ibsen (101). Using the genes that have been described here, 
some of these formulas would be as follows : 
1. Aberdeen Angus • 
BB dd II nn 88 WW Inin 
inin 
2. Hereford. 
-19-
bb bsbs dd II nn psps s¾E':rnrn rere lwLw plpl WW 
PsPs Rnrn Rere Lwlw 
lwlw 
3. Shorthorn. 
bb bsbs dd II NN paps ss LwLW RnRn PlPl WW 
Nn Psps Lwlw 
nn lwlw 
4. Holstein-Friesian 
BB dd II nn psps ss LwLw plpl WW 
Psps Lwlw 
lwlw 
Although the color inheritance discussed here is not complete, it is still evi-
dent that color is not a simply inherited character. The color formulas indicate 
that even the purebred animals are not true-breeding for color. 
Color and Production 
There are reported indications that dark red Hereford calves were heavier at 
weaning and yellow cows weaned heavier calves (163). These differences were not 
statistically significant. 
Stockmen often argue about the relative gaining ability of light red and dark red 
Herefords. Some prefer the cherry reds. Others maintain that the light or "soft" 
reds are superior. Since all cattle used in the grazing tests are numbered and 
weighed individually, it has been possible to get some information on this sub-
ject. A four-year average of most cattle showed no significant difference in 
gains of the different color types (137). 
Gains from Different Color Shades of Hereford Steers (137) 
Four-year Average 
Shade of Color 
Soft red 
Intermediate 
Dark red 
Cattle Average 
(Number) 
390 
1018 
388 
Initial Weight Gain Per Head 
(Pounds) {Pounds) 
412 
414 
423 
357 
359 
354 
Heritability studies with Hereford cattle indicate that approximately three pairs 
of additive genes determine the intensity of red color (120). There was no clear 
indication of dominance. 
In a study of coat: color and temperament (114), it was noted that brindled Durham 
cattle were wild while black Durhams were tame. Black Spanish cattle were also 
very tame. 
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It also has been noted t.l1at differently colored cattle in the· Falkland Islands 
keep separate (lG0). 
Horn Inheritance 
Polled is dominant to horned but there do appear to be other factors influencing 
the expression of the single gene. Although some data do fit the pattern of 
simple monofactorial inheritance (130)(184), other data indicate a sex influence (24). In Hereford matings of horned x horned, all male calves were horned and 
all female calves polled. In subsequent matings of horned bulls on these polled 
heifers, horned male calves and polled fem.ale calves resulted. It also has been 
postulated that the simple dominance of the polled condition is derived from 
earlier sex-limited conditions which are still to be found in certain types of 
cattle, especially those in which there has ·been little or no admixture of the 
recognized domestic breeds (169). 
A scheme whereby four genes are used to account for the polled and horned con-
dition has been presented (187). 
H = gene for horns. All cattle are assumed homozygous for this gene. 
P = polled gene~ 
Sc= scurred gene. It is sex-limited to the extent that in both the hetero-
zygous and homozygous condition it is epistatic to Pin males, while it 
is epistatic o~ in those fem.ales.that are homozygous for the gene. 
Ha= "African horn." It is epistatic to fin males. 
In nonpolled animals (PP), His epistatic to Sc in both-sexes and apparently 
is epistatic to ~ although,!! and Ha may havemodifying effects, ma.king the 
epistacy incomplete. 
Recent studies with polled Hereford cattle appear to substantiate the four gene 
hypothesis{ although the scurred factor may be a recessive gene instead of a dom-
inant (188 J. 
Blood Groups of the Bovine 
More than forty blood factors have been reported in the bovine erythrocytes, each 
of which behaves as a simple Mendelian dominant. The factors are not inherited 
as independent entities but appear as definite groups which in turn appear to be 
controlled by single genes (174). 
When breeds of cattle are conq,ared for the frequencies of the various.blood 
groups and factors, significant differences are usually noted (148)(149). 
The blood typing technique has been used for nonparentage determinations (55). 
In addition, the application of this technique has been described as (56)(173) 
(174): 
a. Identification of individual animals 
b. Diagnosis of monozygotic and d.izygotic twins 
c. Early diagnosis of freemartin 
d. Measure of residual heterozygosi ty of inbred ani ma,] s 
e. Use· of "marker" genes 
f. Study of gene interaction 
g. Selected matings for inbreeding and crossbreeding 
;, 
:: 
•. 
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